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MIE100S — Winter 2022 
Tutorial 01 - Problem 01 


The steel ball A of diameter D slides freely on the horizontal rod which leads to the pole face 
of the electromagnet. The force of attraction obeys an inverse-square law, and the resulting 
acceleration of the ball is a = K/(L - x)’, where K is a measure of the strength of the magnetic 
field. If the ball is released from rest at x = 0, determine the velocity v with which it strikes the 
pole face. 


MIE100S — Winter 2022 
Tutorial 01 - Problem 02 


A freighter is moving at 4 m/s. After the engines are shut off, it decelerates 
proportionally with the square of the velocity: i.e., a=—kv?. If it takes 10 minutes 
to reduce its speed to 2 m/s, find the distance travelled in those 10 minutes and its 
speed as a function of time during the travel. 


MIE100S — Winter 2022 
Tutorial 01 - Problem 03 


A marksman fires a practice round from A toward a target B. If the target diameter is 160 mm 
and the target center is at the same altitude as the end of the rifle barrel, determine the range of 
“shallow” launch angles 0 for which the round will strike the target. Neglect aerodynamic drag 
and assume that the round is directed along the vertical centerline of the target. (Note: The word 
“shallow” indicates a low-flying trajectory for the round.) 


900 m/s | B 


MIE100S — Winter 2022 

Tutorial 01 - Problem 04 
Measurements of a shot recorded on a videotape during a basketball game are shown. The ball passed through the 
hoop even though it barely cleared the hands of the player B who attempted to block it. Neglecting the size of the 


ball, determine the magnitude vy of its initial velocity and the height / of the ball when it passes over player B. 


Given: 
a=2.lm 
b=7.5m 


c=15md=3m 


= 30 deg 


m 
g=98 — 
2 
s 


MIE100S — Winter 2022 
Tutorial 02 - Problem 01 


Engineering Mechanics: Dynamics, 9" Edition 
Question Title: Chapter 2, Reserve Problem 2/054 


An overhead view of part of a pinball game is shown. If the plunger imparts an initial speed of 
3 m/s to the ball at time t = 0, determine the acceleration a of the ball (a) at time t = 0.08 s and 
(b) at time t = 0.20 s. At point F, the speed of the pinball has decreased by 10% from the initial 
value, and this decrease may be assumed to occur uniformly over the total distance traveled by 
the pinball. Use the values r = 150 mm and 0 = 60°. 


Engineering Mechanics: Dynamics, 9" Edition 


MIE100S — Winter 2022 
Tutorial 02 - Problem 02 


Engineering Mechanics: Dynamics, 9" Edition 
Question Title: Chapter 2, Reserve Problem 2/094 


For the pulley system shown, each of the cables at A and B is given a velocity of 2 m/s in 
the direction of the arrow. Determine the upward velocity v of the load m. 


B A 


ns 


MIE100S — Winter 2022 
Tutorial 02 - Problem 03 


A baseball player releases a ball with an initial velocity w= 35 Ys 
of 35 m/s at an angle 35° with the horizontal line. If #=0 
is the time of release of the ball from the player’s hand, 
determine the rate of change of the speed, at t=/s. 


Hint: the rate of change of speed occurs along the line 
of the path (at). Use geometry to find the direction 
along the path. 


MIE100S — Winter 2022 
Tutorial 02 - Problem 04 


A point mass is located at (x, y) = (10, 5) m with respect to a given set of rectangular axes. 
Following is some information about its motion: 


x = —2 m/s, y=2m/s, X= —2 m/s’, ý= 1 m/s? 
Find: 


(i) The speed of the particle. 

(ii) The velocity of the particle, expressed in normal-tangential coordinates. 
(iii) The tangential acceleration art. 

(iv) The radius of curvature of the particle's path, p. 

(v) Sketch the direction of tin. 


MIE100S — Winter 2022 
Tutorial 03- Problem 01 


Engineering Mechanics: Dynamics, 9" Edition 


Question Title: Chapter 3, Reserve Problem 3/016 (Multistep version available) 


A small package is deposited by the conveyor belt onto the 30° ramp at A with a velocity of 
0.8 m/s. Calculate the distance s on the level surface BC at which the package comes to rest. 
The coefficient of kinetic friction for the package and supporting surface from A to C is 0.30. 


MIE100S — Winter 2022 
Tutorial 03 - Problem 02 


Engineering Mechanics: Dynamics, 9" Edition 


Question Title: Chapter 3, Reserve Problem 3/021 (GO Tutorial version available) 


The system is released from rest in the configuration shown at time ¢ = 0. Determine the time t 
when the block of mass mı contacts the lower stop of the body of mass m2. Also, determine the 
corresponding distance s2 traveled by m2. Use the values mı = 0.5 kg, m = 2 kg, usı = 0.10, wa = 
0.08, us2 = 0.25, um = 0.20, and d = 0.4 m. 


Us, Up 


MIE100 — Winter 2022 
Tutorial 03 - Problem 03 


A child A is swinging from a swing that is attached to a trolley that is free to move along a fixed 


rail. Letting L = 2.5 m, if at a given instant ag = 3.7 m/s?, 8 = 23°, 0 = 0.45724__, and 0 = 


—0.2 rad/s’, determine the magnitude of the acceleration of the child relative to the rail at that 
instant. 


ay 


MIE100 — Winter 2022 
Tutorial 03 - Problem 04 


A 5 kg mass is placed on a rough inclined surface (@=15°) to slide (Us = 0.45; Ux = 0.4) subjected 


> a 
to a non-constant force P = 5t i Newtons, where t is measured in seconds. 


How much time will it take for the mass to reach a speed of 10 m/s? 


MIE100S — Winter 2022 
Tutorial 04 - Problem 01 
A 54 kg pilot flies a jet trainer in a half vertical loop of 1200 m radius. Knowing that 


the normal force at C exerted on the pilot by the seat is 350 N, find the velocity of 
the jet trainer at C. 


MIE100S — Winter 2022 
Tutorial 04 - Problem 02 


Engineering Mechanics: Dynamics, 9" Edition 
Question Title: Chapter 3, Reserve Problem 3/035 


At the instant under consideration, the cable attached to the cart of mass mı is tangent to the 
circular path of the cart. If the upward speed of the cylinder of mass m is v2 = 1.2 m/s, determine 
the magnitude of the acceleration of mı and the tension T in the cable. What would be the 
maximum speed of mz for which mı remains in contact with the surface? Use the values R = 1.75 
m, mı = 0.4 kg, m = 0.6 kg, and £ = 30° 


MIE100S — Winter 2022 
Tutorial 04 - Problem 03 


Engineering Mechanics: Dynamics, 9" Edition 
Question Title: Chapter 3, Reserve Problem 3/039 


Each tire on the 1350-kg car can support a maximum friction force parallel to the road surface 
of 2500 N. This force limit is nearly constant over all possible rectilinear and curvilinear car 
motions and is attainable only if the car does not skid. Under this maximum braking, determine 
the total stopping distance s if the brakes are first applied at point A when the car speed is 25 m/s 
and if the car follows the centerline of the road. 


MIE100 — Winter 2022 
Tutorial 04 - Problem 04 


The 5 kg block starts at rest on the incline in a system as shown below. A 
nonconstant force, F, is applied to the block. The contact surface between the block 
and incline is smooth, and the attached spring-mass system is in equilibrium before 
the force is applied. Determine the block’s speed when s = 0.5 m. 


F = 50s + 100 


m=5kg 


k = 100 N/m 


MIE100S — Winter 2022 
Tutorial 05 - Problem 01 


Engineering Mechanics: Dynamics, 9” Edition 
Question Title: Chapter 3, Reserve Problem 3/060 


The 10-kg collar slides on the smooth vertical rod and has a velocity vı = 2 m/s in position A 
where each spring is stretched 0.10 m. Calculate the velocity v2 of the collar as it passes point B. 


— 040m — 040m — 
k = 800 Nm k = 800 Nim 
l 10 kg 


la 


MIE100S — Winter 2022 
Tutorial 05 - Problem 02 


The collar has a mass of 2 kg and is attached to the light spring, which has a stiffness of 30 N/m 
and an unstretched length of 1.5 m. The collar is released from rest at A and slides up the smooth 
rod under the action of the constant 50 N force. 


a) What is the potential energy of the spring at time t=0? 
b) Find the velocity of the collar as it passes position B. 


c) Draw a free body diagram of the collar when it is in position B. Indicate the direction (as 
they act on the mass) of all forces in the plane of motion. It is not necessary to calculate 
their magnitudes. 


50 N^ ta g=9.81 m/s? 
i Vv 


MIE100S — Winter 2022 
Tutorial 05 - Problem 03 


Engineering Mechanics: Dynamics, 9" Edition 

Question Title: Chapter 3, Reserve Problem 3/076 

The system is released from rest with the spring initially stretched 25 mm. Calculate the 
velocity v of the 60-kg cart after it has moved 100 mm down the incline. Also determine the 


maximum distance d traveled by the cart before it stops momentarily. Neglect the mass and 
friction of the pulleys and wheels. 


k = 300 N/m 


MIE100S — Winter 2022 
Tutorial 06 - Problem 01 


Engineering Mechanics: Dynamics, 9" Edition 
Question Title: Chapter 3, Reserve Problem 3/094 


The slider of mass mı = 0.4 kg moves along the smooth support surface with velocity vı = 5 m/s 
when in the position shown. After negotiating the curved portion, it moves onto the inclined face 
of an initially stationary block of mass m2 = 2 kg. The coefficient of kinetic friction between the 
slider and the block is u+ = 0.30. Determine the velocity v’ of the system after the slider has 
come to rest relative to the block. Neglect friction at the small wheels, and neglect any effects 
associated with the transition. 


Hg = 0.30 


MIE100S — Winter 2022 
Tutorial 06 - Problem 02 


A hollow crate of mass 50 kg is mounted on frictionless wheels that ride on the ground. Inside the crate 
is a box of mass 20 kg mounted on frictionless wheels. At time t = 0, the system is released from rest, 
with the spring having an initial length of 0.4 meters. The spring constant is k = 30 N/m, and the spring 
has a relaxed length of 2.5 meters. 


(a) What is the initial potential energy of the spring? 
(b) What will be the initial acceleration of the box? 
(c) What will be the speed of the crate when the spring reaches a length of 1.5 meters? 


SOLUTION 


MIE100S — Winter 2022 
Tutorial 06 - Problem 03 


Engineering Mechanics: Dynamics, 9" Edition 

Question Title: Chapter 3, Reserve Problem 3/102 (GO Tutorial version available) 

A particle of mass m moves on the inside surface of a smooth conical shell and is given an 
initial velocity vo tangent to the horizontal rim of the surface at A. As the particle slides past 


point B, a distance z below A, its velocity v makes an angle 0 with the horizontal tangent to the 
surface through B. Determine the angle 0 and the speed v. 


MIE100S — Winter 2022 
Tutorial 07 - Problem 02 


The mechanism shown rotates about the vertical axis with an initial angular velocity of +2s"!. 
Initially, the two masses are in a horizontal plane, as shown by the solid lines. A hinging system 
internal to the mechanism then lowers the two masses to 30° from the horizontal plane, as 
shown in the diagram by the dashed lines. The masses are each 600 grams and the original 
distance of each mass from the rotating axis is 200 mm. 


a) If the mechanism is freely spinning (i.e., there is no friction), what is the angular velocity of 
the mechanism after the masses are lowered? 


b) A motor on the shaft is then turned on for 3 seconds and returns the rotational speed of the 
shaft to +2s"!. The masses stay in the dashed configuration. What is the average moment 


supplied by the motor? 


c) How much work is done by the motor? 


MIE100S — Winter 2022 
Tutorial 07 - Problem 02 


Engineering Mechanics: Dynamics, 9" Edition 
Question Title: Chapter 5, Reserve Problem 5/038 


Motion of the rectangular plate P is controlled by the two links which cross without 
touching. For the instant represented where the links are perpendicular to each other, the 
plate has a counterclockwise angular velocity wp = 2.0 rad/s. Determine the corresponding 
angular velocities of the two links. The angular velocities are positive if counterclockwise, 
negative if clockwise. 


MIE100S — Winter 2022 
Tutorial 07 - Problem 03 


At the instant shown in the figure, point B of the T-shaped bar has a velocity of 1 1 /s and an 


acceleration of 2 Py s2. 


a) Determine the velocity of point D in x-y coordinates. 


b) Determine the angular velocity of the T-shaped bar. 


Length AC=CB=CD=1m 


MIE100S — Winter 2022 
Tutorial 08 - Problem 01 


Engineering Mechanics: Dynamics, 9" Edition 
Question Title: Chapter 5, Reserve Problem 5/058 


By the method of this article, determine the angular velocity waz of link AB and the velocity vg 
of collar B for the instant represented. Assume the quantities wo and r to be known. 


MIE100S — Winter 2022 
Tutorial 08 - Problem 02 


The centre C of the smaller wheel has a velocity °v. = 0.4 m/s in the direction shown. The cord which 
connects the two wheels is securely wrapped around the respective peripheries and does not slip. 


Calculate the velocity of point D when in the position shown. Also compute the change Ax which 
occurs per second if °v: is constant. 


150 mm 


MIE100S — Winter 2022 
Tutorial 08 - Problem 01 


In the mechanism shown, the initial velocity of point D is 1 m/s i, and the initial angular 
acceleration acp of bar CD is —5 "ad/s^2, 


a. What is the initial velocity of point B, expressed in x-y coordinates? 
b. What is the acceleration of point D? Express your answer in normal-tangential coordinates. 
c. What is the initial velocity of point A, expressed in Cartesian coordinates? 


d. What is the initial angular velocity wag of bar AB? 


= 


MIE100S — Winter 2022 
Tutorial 09 - Problem 01 


Given point C is moving to the right at ve = 0.5 ™/s and linkage BD has an angular acceleration of 


app = 0.5 "ad/s^2, in the direction shown, find the magnitude of acceleration of point B at the 


given instant. 


MIE100S — Winter 2022 

Tutorial 09 - Problem 02 
Question Title: Chapter 6, Reserve Problem 6/029 
Each of the two uniform slender bars OA and BC has a mass of 8 kg. The bars are welded at A to 
form a T-shaped member and are rotating freely about a horizontal axis through O. If the bars 


have an angular velocity of 4 rad/s as OA passes the horizontal position shown, calculate the total 
force R supported by the bearing at O. 


0.25 m 


0.25 m 


MIE100S — Winter 2022 
Tutorial 09 - Problem 03 
Question Title: Chapter 6, Reserve Problem 6/039 


The uniform steel I-beam has a mass of 300 kg and is supported in the vertical plane as shown. 
Determine the maximum angular velocity w reached by the beam as it rotates in the vertical plane 
about the bearing at O. Also determine the corresponding force R supported by the pin at O for this 
condition. The mass of the bracket on the left end is small and may be neglected. Also treat the beam as 
a uniform slender bar. 


MIE100S — Winter 2022 
Tutorial 10 - Problem 01 


Engineering Mechanics: Dynamics, 9" Edition 


Question Title: Chapter 6, Reserve Problem 6/061 (GO Tutorial version available) 


The truck carries a 1500-mm-diameter spool of cable with a mass of 0.75 kg per meter of length. 
There are 150 turns on the full spool. The empty spool has a mass of 140 kg with radius of 
gyration of 530 mm. The truck alone has a mass of 2030 kg with mass center at G. If the truck 
starts from rest with an initial acceleration of 0.2g, determine (a) the tension T in the cable where 
it attaches to the wall and (b) the normal reaction under each pair of wheels. Neglect the 
rotational inertia of the truck wheels. 


Dimensions in millimeters 


MIE100S — Winter 2022 
Tutorial 10 - Problem 02 


Engineering Mechanics: Dynamics, 9" Edition 
Question Title: Chapter 6, Reserve Problem 6/060 


The 25-mm-thick uniform steel plate is being pulled very slowly into position by the cable 
connected to a winch. If the cable breaks at the instant represented, determine the mangitude of 
the force under each roller and the vector acceleration ac of the center of mass. Neglect friction 
and the mass of the rollers, and consider the rollers small. Evaluate your results for a = 3 m, b = 
6 m, and r= 6 m. (Note: Arc BC is of radius r, the same as arc BD.) 


MIE100S — Winter 2022 
Tutorial 10 - Problem 03 


A uniform disk with mass 24 K8 and radius 0.3 m is initially at rest. It is then acted upon by 
a constant 100 N force as shown and rolls without slipping. 


Determine: 
(a) The velocity of its centre of mass, G, after it has moved 1.8 m 


(b) The friction force required to prevent slipping 


P=100N 


MIE100S — Winter 2022 
Tutorial 11 - Problem 01 


Engineering Mechanics: Dynamics, 9” Edition 
Question Title: Chapter 6, Reserve Problem 6/067 


The uniform slender bar of mass m pivots freely about a horizontal axis through O. If the bar is 
released from rest in the horizontal position shown where the spring is unstretched, it is 
observed to rotate a maximum of 30° clockwise. The spring constant k is 200 N/m and the 
distance b is 200 mm. Determine (a) the mass m of the bar and (b) the magnitude of the angular 
velocity of the bar when the angular displacement is 15° clockwise from the release position. 


MIE100S — Winter 2022 
Tutorial 11 - Problem 02 


Engineering Mechanics: Dynamics, 9" Edition 
Question Title: Chapter 6, Reserve Problem 6/070 
The center of the 200-lb wheel with centroidal radius of gyration of 4 in. has a velocity of 2 


ft/sec down the incline in the position shown. Calculate the normal reaction N under the wheel as 
it rolls past position A. Assume that no slipping occurs. 


MIE100S — Winter 2022 
Tutorial 11 - Problem 03 


Engineering Mechanics: Dynamics, 9” Edition 
Question Title: Chapter 6, Reserve Problem 6/085 


A planetary gear system is shown, where the gear teeth are omitted from the figure. Each of the 
three identical planet gears A, B, and C has a mass of 0.8 kg, a radius r = 50 mm, and a radius of 
gyration of 30 mm about its center. The spider £ has a mass of 1.2 kg and a radius of gyration 
about O of 60 mm. The ring gear D has a radius R = 150 mm and is fixed. If a torque M = 5 
N-m is applied to the shaft of the spider at O, determine the magnitude of the initial angular 
acceleration a of the spider. 


MIE100S — Winter 2022 
Tutorial 12 - Problem 01 


Engineering Mechanics: Dynamics, 9” Edition 
Question Title: Chapter 8, Reserve Problem 8/007 
Calculate the natural frequency fn of vibration if the mass is deflected from its 


equilibrium position and released from rest. Each pair of springs is connected by an 
inextensible cable. Evaluate your results for m = 15 kg, kı = 225 N /m, and k2 = 150 N/m. 


MIE100S — Winter 2022 
Tutorial 12 - Problem 02 


Engineering Mechanics: Dynamics, 9” Edition 
Question Title: Chapter 8, Reserve Problem 8/016 


Determine the damping ratio of the system depicted in the figure. The mass and friction of 
the pulleys are negligible, and the cable remains taut at all times. 


MIE100S — Winter 2022 
Tutorial 12 - Problem 03 


Engineering Mechanics: Dynamics, 9" Edition 
Question Title: Chapter 8, Reserve Problem 8/024 


The system is shown, link AOB has mass m3 and radius of gyration ko about point O. Ignore 
friction and derive the differential equation of motion for the system shown in terms of the 
variable x1. 


